Radiation injuries are closer to home than expected as radioactive sources are common in daily life. Our case study illustrates a case of radiation burns to the hand which presented about two weeks later to the emergency department after accidental exposure to an industrial radiation source. A 45-year old Chinese man presented 17 days later after being exposed accidentally to iridium-192 source at 43 curies. He subsequently suffered burns that required multiple operations to treat. The diagnosis of patients who present early after exposure with no clinical signs will likely pose a challenge for the emergency medicine clinician as radiation burns take time to manifest and may present days to weeks after radiation exposure.
INTRODUCTION
Radiation injuries are closer to home than expected as radioactive sources are common in daily life. Radioactive sources are actively involved in welding industries for quality control and in the practice of medicine. Our case study illustrates a case of radiation burns to the hand which presented to the emergency department about two weeks after accidental exposure to an industrial radiation source.
CASE REPORT
A 45-year old Chinese man presented to the Singapore General Hospital Emergency Department for burns sustained over the left hand. He was an industrial radiographer who was involved in drilling pipe inspections 17 days prior to his presentation to the Emergency Department; he was at work doing pipe inspections when his radiation source, an iridium-192 source at 43 curies, got caught in the pipes. He was trying to retract the source when his left hand passed over the source.
He was initially well. However, a week later, he started developing redness and swelling over his left hand. He had no constitutional symptoms of nausea and vomiting, abdominal pain or diarrhoea. His TLD badge was sent for a radiation exposure check. However, there was no information on the badge's reading during clinical notes review. He has no other significant past medical history.
His vital signs were stable and he was cheerful and afebrile. On examination of his left hand, there was noted to be a 0.25% full-thickness burn involving the volar aspect of the left fifth metacarpal region with extension into the fourth webspace and little finger. The burns were slightly sloughy ( Fig. 1 ). Systemic examination revealed no other abnormalities.
A full blood count showed a haemoglobin level of 14.7 g/dl, white blood count 23.85×10 9 /L, notably lymphocyte 15.1% and platelets of 222×10 9 /L. A left hand x-ray showed no bony abnormalities.
He was subsequently admitted to the burns unit for further management. He was initially treated conservatively with daily dressing to the burns Proceedings of Singapore Healthcare  Volume 23  Number 1  2014 Fig. 1 . Burns to left hand after exposure to radiation source with plans for a full-thickness skin grafting to be done later. He was discharged four days later. He was later readmitted 24 days post-exposure for a burn site excision followed by a full-thickness skin grafting, with the donor site being the left groin region, seven days after presenting to the emergency department. A subsequent graft review on post-operative day 4 was satisfactory and he was discharged. He underwent intensive rehabilitation by the occupation therapist.
During subsequent clinic visits, it was noted that his skin graft was not healing well and he had developed a boutonniere deformity of his left little finger. He was readmitted on post-operative day 26, post-exposure day 54. He underwent a debridement, application of a vacuum-assisted closure dressing followed by subsequent correction of his boutonniere deformity and another fullthickness skin graft. He was discharged well. On further clinic reviews, his skin graft had taken well and he was able to return to work subsequently. The overall timeline is illustrated in Fig. 2 .
DISCUSSION
Radiation injuries are generally classified as irradiation (localized and whole body) and mixed injuries inclusive of trauma with contamination with radiation particles, which may result in acute radiation sickness or localized injuries like burns. Localized radiation injuries account for the vast majority of accidental radiation exposures and mainly occur due to direct handling of highly intense radioactive sources 1,2 . The hand is frequently involved. The severity of such injuries is determined by several factors including radiation dosage, distance from source and duration of exposure.
Radiation burns take time to manifest and may present days to weeks after radiation exposure 3, 4, 5, 6, 7 . Such delayed presentation of burns should be anticipated and referred to appropriate surgical specialties as they require special care and treatment. The patient in the case study presented nearly two weeks after his exposure with florid clinical signs.
The diagnosis of patients who present early after exposure with no clinical signs will likely pose a challenge for the emergency medicine clinician, especially in the absence of knowledge of possible radiation exposure. Possible cutaneous syndrome should be considered if the presenting history Proceedings of Singapore Healthcare  Volume 23  Number 1  2014 is suggestive. In the scenario where cutaneous syndrome is suspected, a follow up has to be arranged. Emergency physicians should also alert the patient of the possible changes that may occur over the next few days. These may include erythema, epilation, dry desquamation, moist desquamation, blister formation, ulceration and necrosis, in order of increasing local radiation dose exposure 2 .
Treatment of localized radiation burns is mainly two-fold; conservative and surgical treatment. Conservative methods focus on pain control, reduction of inflammation, prevention of infection and further vascular insult, improvement of circulation, wound cleaning and minimizing fibrosis. There is mounting evidence of the role of injecting human mesenchymal stem cells as a therapeutic approach in the treatment of cutaneous radiation reactions1. This is due to injury to the stem cells of the skin, which leads to dry or moist desquamation at sufficiently high doses 2, 8 .
Most importantly, individuals working with radiation sources should abide strictly by safety regulations. The above case scenario occurred when there was a lapse in concentration of the patient.
Although not pertinent to this current scenario, decontamination and screening for possible acute radiation syndrome is an important cornerstone of treatment for severe radiation exposure or highrisk situations.
Decontamination is important to protect healthcare workers and other patients from significant exposure. In addition, good decontamination of wounds will also prevent systemic absorption of any radioactive contaminants. A simple Geiger counter is sufficient for such an exercise and it should be performed from triage in the emergency department. Decontamination can be done with soap water according to individual hospitals' radiation readiness protocols.
A useful screening tool would be the full blood count with particular attention to the lymphocyte count and the neutrophil/lymphocyte ratio. REAC/TS 5 guidelines advised that a lower lymphocyte count, high neutrophil/lymphocyte ratio and presence of early symptoms like nausea and vomiting are indications of significant radiation exposure.
Recent high profile radiation incidents like the Fukushima nuclear plant incident have raised public awareness of radiation and its effects. Coupled with our increased industrial and medical usage of radioactive products, such injuries can and will occur. It is thus prudent for emergency physicians to be aware of these possible occurrences. 
